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SURFACE WATER SUPPLY OF PACIFIC SLOPE BASIN
IN CALIFORNIA, 1922

AUTHORIZATION AND SCOPE OF WORK

This volume is one of a series of 14 reports presenting results of

measurements of flow made on streams in the United States during
- the year ending September 30, 1922.

The data presented in these reports were collected by the United
States Geologlca,l Survey under the following authorlty contained in
the organic law (20 Stat. L., p. 394): .

Provided, That this officer [the Director] shall have the direction of the Geolog-
ical Survey and the classification of public lands and examination of the geological
structure, mineral resources, and products of the national domain.

The work was begun in 1888 in connection with special studies
relating to irrigation in the arid West. Since the fiscal year ending
June 30, 1895, appropriation bills passed by Congress have carried
the following item:

For gaging the streams and determining the water supply of the United States,

and for the investigation of underground currents and artesian wells, and for the
preparation of reports upon the best methods of utilizing the water resources.

Annual appropriations for the fiscal years ending June 30, 1895-1983

1895 e $12, 500. 00
1896 o el S mmmmm———— 20, 000. 00
1897 to 1900, inclusive - 50, 000. 00
1901 to 1902, inclusive . oo 100, 000. 00
1903 to 1906, inclusive - e 200, 000. 00
1907 - e e 150, 000. 00
1908 to 1910, inclusive —_ e 100, 000. 00
1911 to 1917, inclusive ... e e 150, 000. 00
1938 o dmemn emmmcemccmmeeo 175, 000. 00
1919 e 148, 244. 10
1920 e e ———— 175, 000. Q0
1921 to 1923, inclusive ___ ol 180, 000. 00

In the execution of the work many private and State organizations
have cooperated, either by furnishing data or by assisting in collecting
data. Acknowledgments for cooperation of the first kind are made

100563—271—wsp 551——2 1
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in connection with the description of each station affected; coopera-
tion of the second kind is acknowledged on pages 9 and 10.

Measurements of stream flow have been made at about 5,480 points
in the United States and also at many points in Alaska and the
Hawaiian Islands. In July, 1922, 1,540 gaging stations were being
maintained by the Survey and the cooperating organizations. Many
miscellaneous discharge measurements are made at other points. In
connection with this work data were also collected in regard to pre-
cipitation, evaporation, storage reservoirs, river profiles, and water
power in many sections of the country and will be made available in
water-supply papers from time to time.

DEFINITION OF TERMS

The volume of water flowing in a stream—the “run-off”’ or “ dis-
charge’’—is expressed in various terms, each of which has become
associated with a certain class of work. These terms may be divided
into two groups—(1) those that represent a rate of flow, as second-
feet, gallons per minute, miners’ inches, and discharge in second-feet
per square mile, and (2) those that represent the actual quantity of
water, as run-off in inches, acre-feet, and millions of cubic feet. The
principal terms used in this series of reports are second-feet, second-
feet per square mile, run-off in inches, and acre-feet They may be
defined as follows:

" “Second-feet” is an abbreviation for ‘“cubic feet per second.”
A second-foot is the rate of discharge of water flowing in a channél
of rectangular cross section 1 foot wide and 1 foot deep at an average
velocity of 1 foot per second. It is generally used as a fundamental
unit from which others are computed. '

“Second-feet per square mile’” is the average number of cubic feet
of water flowing per second from each square mile of area drained,
on the assumption that the run-off is distributed uniformly both as
regards time and area.

“Run-off in inches”’ is the depth to which an area would be covered
if all the water flowing from it in a given period were uniformly
distributed on the surface. It is used for comparing run-off with
rainfall, which is usually expressed in inches.

An “acre-foot,” equivalent to 43,560 cubic feet, is the quantity
required to cover an acre to the depth of 1 foot. The term is com-
monly used in connection with storage for irrigation.

The following terms not in common use are here defined:

“Stage-discharge relation”; an abbreviation for the term “‘relation
of gage height to discharge.”

“Control’’; a term used to designate the natural section or stretch
of the channel or artificial structure below the gage which determines
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the stage-discharge relation at the gage. It should be noted that

the control may not be the same section or sections at all stages.
The ““ point of zero flow” for a gaging station is that point on the

gage—the gage height—at which water ceases to flow over the control.

EXPLANATION OF DATA

The data presented in this report cover the year beginning Octo-
ber 1, 1921, and ending September 30, 1922. At the beginning of
January in most parts of the United States much of the precipitation
in the preceding three months is stored as ground water, in the form
of snow or ice, or in ponds, lakes, and swamps, and this stored water
passes off in the streams during the spring break-up. At the end of
September, on the other hand, the only stored water available for run-
off is possibly a small quantity in the ground; therefore the run-off for
the year beginning October 1 is practically all derived from preclplta,—
tion within that year.

The base data collected at gaging stations consists of records of

stage, measurements of discharge, and general information used to
supplement the gage heights and discharge measurements in deter-
mining the daily flow. The records of stage are obtained either from
direct readings on a staff gage or from a water-stage recorder that
gives a continuous record of the fluctuations. Measurements of dis-
charge are made with a current meter. (See Pls. I, II.) The general
methods are outlined in standard textbooks on the measurement of
river discharge.
. From the discharge mea.surements ratmg tables are prepared that
give the discharge for any stage. The application of the daily gage
height to these rating tables gives the daily discharge from which
the monthly and yearly mean discha,rge is determined.

The data presented for each gaging station in the area covered by
this report.comprise a description of the station, a table giving results
of discharge measurements, a table showing the daily discharge of the
stream, and a table of monthly and yearly discharge and run-off.

If the base data are insufficient to determine the daily discharge,
tables giving daily gage heights and results of discharge measurements
are published.

“The description of the station gives, in a,ddmon to statements
regarding location and equipment, information in regard to any con-
ditions that may affect the permanence of the stage-discharge relation,
covering such subjects as the occurrence of ice, the use of the stream
for log dnvmg, shifting of control, and the cause and effect of back-
water; it gives also information as to diversions that decrease the flow
at the gage, artificial regulation, maximum and minimum recorded
stages, and the accuracy of the records.
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The table of daily discharge gives, in general, the discharge in
second-feet corresponding to the mean of the gage heights read each
‘day. At stations on streams subject to sudden or rapid diurnal
Hluctuations the discharge obtained from the rating table and the
mean daily gage height may not be the true mean discharge for the
day. If such stations are equipped with water-stage recorders the
mean daily discharge may be obtained by averaging discharge at
regular intervals during the day or by using the discharge integrator,
an instrument operating on the principle of the planimeter and con-
taining as an essential element the rating curve of the station.

In the table of monthly discharge the column headed “Maximum "
gives the mean flow for the day when the mean gage height was
highest. As the gage height is the mean for the day it does not
indicate correctly the stage when the water surface was at crest
height and the corresponding discharge was consequently larger than
given in the maximum column. Likewise, in the column headed
“Minimum” the quantity given is the mean flow for the day when
the mean gage height was lowest. The column headed “Mean’’ is
the average flow in cubic feet for each second during the month.
On this average flow, computations recorded in the remaining col-
umns, which are defined on page 2, are based.

ACCURACY OF FIELD DATA AND COMPUTED RESULTS

The accuracy of stream-flow data depends primarily (1) on the
permanence of the stage-discharge relation and (2) on the accuracy of
observation of stage, measurements of flow, and interpretation of
Tecords. _

A paragraph in the description of the station gives information
regarding (1) the permanence of the stage-discharge relation, (2)
precision with which-the discharge rating curve is defined; (3) refine-
ment of gage readings, (4) frequency of gage readings, and (5)
methods of applying daily gage heights to the rating table to obtain
the daily discharge.!

For the rating tables ‘“well defined” indicates, in general, that the
rating is probably accurate within 5 per cent; “fairly well defined,”
within 10 per cent; “poorly defined,” within 15 to 25 per cent.
These notes are very general and are based on the plotting of the
individual measurements with reference to the mean rating curve.

The monthly means for any station may represent with high accu-
racy the quantity of water flowing past the gage, but the figures
showing discharge per square mile and depth of run-off in inches
may be subject to gross errors caused by the inclusion of large non-

t For a more detailed discussion-of the accuracy of stregm-flow data see Groever, N. C., and Hoyt,J. C,,
Accuaracy of stream-flow data: U. S. Geol. Survey Water-S8upply Paper 400, pp. 53-59, 1916.
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contributing districts in the measured drainage area, by lack of
information concerning water diverted for irrigation or other use, or
by inability to interpret the effect of artificial regulation of the flow
of the river above the station. ‘Second-feet per square mile” and
“run-off in inches” are therefore not computed if such errors appear
probable. The computations are also omitted for stations on streams
draining areas in which the annual rainfall is less than 20 inches.
All figures representing ‘‘second-feet per square mile” and “run-off
in inches” published in earlier reports by the Survey should be used
with caution because of possible inherent but unknown sources of
error.

Many gaging stations on streams in the irrigated sections of the
United States are located above most of the diversions from those
streams, and the discharge recorded does not show the water supply
available for further development, as prior appropriations below the
stations must first be satisfied. To give an idea of the amount of
prior appropriations, a paragraph on diversions is presented in each
station description. Where values are given these can not be con-.
sidered exact but as being the best information available.

The table of monthly discharge gives only a general idea of the
flow at the station and should not be used for other than preliminary
estimates; the tables of daily discharge allow more detailed studies
of the variation in flow. It should be borne in mind, however, that
the observations in each succeeding year may be expected to throw
new light on data previously published.

PUBLICATIONS

Investigation of water resources by the United States Geological
Surveyihas consisted in large part of measurements of the volume of
flow of streams and studies of the conditions affecting that flow, but
it has comprised also investigation of such closely allied subjects as
irrigation, water storage, water powers, ground waters, and quality of
waters. Most of the results of these investigations have been pub-
lished in the series of water-supply papers, but some have appeared in
the monographs, bulletins, professional papers, and annual reports.

The results of stream-flow measurements are now published an-
nually in 12 parts, each part covering an area whose boundaries
coincide with natural drainage features as indicated below:

Part I. North Atlantic slope basins (St. John to York River).
II. South Atlantic slope and eastern Gulf of Mexico basins (James River to
the Mississippi).

II1. Ohio River basin.

IV. 8t. Lawrence River basin.

V. Upper Mississippi River and Hudson Bay basins.
VI. Missouri River basin. .
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Part VII. Lower Mississippi River basin.

VIII. Western Gulf of Mexico basins.

IX. Colorado River basin.
X. Great Basin.

X1. Pacific slope basins in California.

XII. North Pacific slope basins in three parts:
A, Pacific slope basins in Washington and upper Columbia River basin.
B, Snake River basin.
C, Lower Columbia River basin and Pacific slope basins in Oregon.

Water-supply papers and other publications of the United States
Geological Survey containing data in regard to the water resources
of,the United States may be obtained or consulted as indicated below:

1. Copies may be purchased at nominal cost from the Superintend-
ent of Documents, Government Printing Office, Washington, D. C.,
who will, on application, furnish lists giving prices.

2. Sets of the reports may be consulted in the libraries of the prm—
cipal cities in the United States.

3. Complete sets are available for consultation in the local offices
of the water-resources branch of the Geological Survey, as follows:

Boston, Mass., 2500 Customhouse.

Albany, N. Y. 704 Journal Building.

Trenton, N. J., Statehouse.

Charlottesville, Va., care of University of Virginia.
Asheville, N. C., 316 Jackson Building.

Chattanooga, Tenn 37 Municipal Building. |

Columbus, Ohio, Engmeermg Experiment Station, Ohio State Umvermty '
Chicago, Ill., 940 Transportation Building.

Madison, Wis., care of Railroad Commission of Wisconsin.
Ames, Iowa, State Highway Commission Building.

Rolla, Mo., Rolla Building, School of Mines and Metallurgy.
Topeka, Kans., 23 Federal Building.

Helena, Mont., 45-46 Federal Building.

Denver, Colo., 403 Post Office Building.

Salt Lake City, Utah, 313 Federal Building.

Idaho Falls, Idaho, 228 Federal Building.

Boise, Idaho, Federal Building.

Tacoma, Wash., 404 Federal Building.

Portland, Oreg., 606 Post Office Bujlding.

San Francisco, Calif., 303 Customhouse.

Los Angeles, Calif., 600 Federal Building.

Tucson, Ariz., College of Law Building, University of Arizona.
Austin, Tex., State Capitol.

Honolulu Hawan, Territorial Office Building.

Alhst of the Geological Survey’s publications may be obtained by
applymg to the D1rect0r, United States Geological Survey, Washing-
ton, D. C. 4

Stream-flow records have been obtained at about 5,480 points in

the United States, and the data obtained have been published in the
reports tabulated on pages 7 and 8.
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Stream-flow data tn reports of the United States Ggologiéal Survey

[A=Annual Report; B=Bulletin; W-==Water-Supply Paper]

Year

Report Character of data
10th A, pt. 2_.......| Descriptive information only.
11th A, pt. 2........ Monthly discharge and descriptive information.mweeeen.cvoacaames
12th A, pt. 20| aae L« T -
13th A, pt. 8ccmcaeae Mean discharge in second-feet..... R
14th A, pt. 20ccena. Monthly discharge (long-time records, 1871 £0 1893) ... —ccuecermuun

20th A, pt. 4

Descriptions, measurements, gage heights, and ratings........ ...,
Descriptive information only.

- Descriptions, measurements, gage heights, ratings, and monthly

discharge (also many data covering earlier years).
Gage heights (also gage heights for earlier years

.| Deseriptions, measurements, ratings, and monthly discharge (also

similar data for some earlier years).

Descriptions, measurements, and gage heights, eastern United
States, eastern Mississippi River, and Missouri River above
junction with Kansas.

Description, measurements, and gage heights, western Mississippi
gg& helow junction of Missouriand Platte, and western United

Descriptions, measurements, ratings, and monthly discharge (also
some long-time records).

Measurements, ratings, and gage heights, eastern United States,
eastern Mississippi River, and Missouri River. .

Measurements, ratings, and gage heights, Arkansas River and
western United States.

Monthly discharge (also for many earlier years).
W35t039..oc.... Descriptions, measurements, gage heights, and ratings............
Monthly discharge_._._._..._.. .
to 52 Descriptions, measurements, gage heights, and ratings.............
. Monthly discharge.

W 65,66 Descriptions, measurements, gage heights, and ratings. ........_...
W 75 Monthly discharge
W82to85. oo Complete data .
W 97 to 100... do
W 124 to 135 ve---do . —
W 165 [ 1 TR, —
W 201 do
W 241 B U DR,
W 261 do —-
W 281 FRRIN 1 T R
W 301 do
W 321 wme--do
W 351 do ———
W sl do. .
W 401 do
W 431 do. -
W 451 to 464 do ...
W 471 to 484 do-.._
‘W 501 to 514 NN )
W 521 to 534. weu-do, - - -
W 541 to 554 do —— ————

1884 to Sept.,
1890,

1884 to June 30,
1891.

1884 to Dec. 31,
1892,

1888 to Dec. 31,
1893.

1893 and 1894,

1895,

896,
1895 and 1896.
1897.

1897,

The records at the most of the stations discussed in these reports
extend over a series of years, and miscellaneous measurements at
many points other than regular gaging stations have been made each
year. An index of the reports containing records obtained prior to
1904 has been published in Water-Supply Paper 119.

The following table gives, by years and drainage basins, the num-
bers of papers on surface-water supply published from 1899 to 1922.
The data for any particular station will be found in the reports
covering the years during which the station was maintained. For
example, data for Machias River at Whitneyville, Maine, 1903 to
1921, are published in Water-Supply Papers 97, 124, 165, 201, 241,
261, 281, 301, 321, 351, 381, 401, 431, 451, 471, 501, and 521, which
contain records for the New England streams from 1903 to 1921.
Results of miscellaneous measurements are published by drainage

basins.
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COOPERATION

Investigation of the water resources of California is being carried
on by the United States Geological Survey in cooperation with the
State in accordance with acts of the State legislature approved March
16, 1903, March 20, 1905, March 11, 1907, and April 22, 1909,
empowering the State authorities to enter into contracts with th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>